. pvJb. 



(19) 




Eurapfitecfwa Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

07.11-2001 Bulletin 2001/45 

(21) Application number 01 110670 JS 

(22) Date of filing: 02.05.2001 



(ID EP1 152 461 A2 

EUROPEAN PATENT APPLICATION 

(51) IntCI.*: H01L21/316 



(84) Designated Contracting States: 

AT BE CH CY DE OK ES Fl FR GB GR IE IT U LU 
WCNLPTSETR 

Designated Extension States: 

AL LT LV UK RO SI 

(30) Priority: 02.05.2000 JP 2000133255 
26.05.2000 JP 2000157005 
27.09.2000 JP 2000295111 

(71) Applicant Tokyo Electron Limited 
Tokye-to (JP) 



(72) Inventors: 

• Sato. Sholchl, Tokyo Electron Tohoku, Ltd. 
Nirssakl-shl, Yamanaihl-ken (JP) 

• Hasebe, Kazuhlde, Tokyo Electron Tohoku, Ltd. 
NlrasaW-ahi, YamanashMcen (JP) 

• Umezawa, Kota, Tokyo Electron Tohoku, Ltd. 
Nirasakl-shl, YamanashMcen (JP) 

(74) Representative: Uesegang, Eva 
Forrester & Boehmert, 
Pettenkoforetrssee 20-22 
80336 MOnchen (DE) 



(54) Oxidizing method and oxidation system 

(57) An oxidation method of oxidking surfaces of 
wofkpfeces heated at a predetermined temperature in 
a vacuum atmosphere In a processing vessel produces 
active hydroxy l and active oxygen species. The active 



hydroxy! and active oxygen species oxidize the surfaces 
of the workpleces In a processing vessel. Both the In- 
trafflm thickness uniformity and the characteristics of the 
oxide film can be Improved, maintaining oxidation rate 
on a relatively high level. 
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Description 
TECHNICAL FIELD 

[0001] The present Invention relates to an oxidation 
method ol oxidizing surfaces of workplaces, such as 
semiconductor wafers, and an oxidation system. 

BACKGROUND AHT 

[0002] Generally, a semiconductor wafer, such as a 
silicon substrate. Is subjected to various processes In- 
cluding a film forming process, an etching process, an 
oxidation process, a olffuston process and a modifica- 
tion process when fabricating a ^ 
ed circuit. For exempts, the oxidation process among 
those processes is used for oxtctelng a surface of a sin- 
gle-crystal sIDcon film or a polysillcon film and tor oxidiz- 
ing a metal film. The oxidation process is used mainly 
for forming gate oxWe films and Insulating films for ca- 
pacitors. 

[0003] Oxidation methods are classified by pressure 
into atmospheric pressure oxidation methods that are 
carried out in an atrnospheric atmosphere and vacuum 
oxidation methods that are canted out In a vacuum at- 
mosphere. Oxidation methods are classified by oxidiz- 
ing gas into wet oxidation methods Including a wet oxi- 
dation method disclosed in, for example, JP-A No. Hel 
3-140453, that use steam generated by burning hydro- 
gen In an oxygen atmosphere in an external combustor, 
and dry oxidation methods Inducing a dry oxidation 
method disclosed in, for example, JP-A No. She 
57-1232 that supply only ozone or oxygen into a 
processing vessel. 

[0004] In view of quality and characteristics Including 
dJetectrte strength, corrosion resistance and reliability, 
an Insulating film formed by a dry oxidation process is 
superior to that formed by a wet oxidation process. In 
view of deposition rata and uniformity, generally, an ox- 
ide film (Insulating film) formed by an atmospheric oxi- 
dation process is satisfactory In oxidation rate but the 
same Is not satisfactory In the intrafiim thickness uni- 
formity of an oxide layer formed on the surface of the 
wafer. On the other hand, an oxide film formed by a vac- 
uum oxidation process is satisfactory In the intrafiim 
thickness unfformlty of the oxide layer but the same Is 
not satisfactory in oxidation rate. 
[0005] Design rules that have been hitherto applied to 
designing semiconductor integrated circuits have not 
been very severe the aforesaid various oxidation meth- 
ods have been selectively used taxing Into considera- 
tion purposes of oxide films, process conditions and 
equipment costs. However, line width and lilm thickness 
have been progressively decreased and severer design 
rules have been applied to designing semiconductor in- 
tegrated circuits in recent years, and design rules re- 
quires higher fUm characteristics and higher Intrafiim 
tWctaessunffcmnltycf nTms. Tte oxidation 



methods are unable to meet such requirements satis- 
factorfly. 

[0008] A wet oxidation system disclosed In, for exam- 
ple, JP-A No. Hel 4-18727 supplies Hj gas and 0 2 gas 

3 individually Into a lower region In a vertical quartz 
processing vessel, bums the Hg gas In a combustion 
space defined in a quartz cap to produce steam, makes 
the steam how upward along a row of wafers to accom- 
plish an oxidation process. 

to [Q007] Since this prior art oxidation system bums H2 
gas In the combustion space, a tower end region In the 
processing vessel has a high steam concentration, the 
steam is consumed as the same flows upward and an 
upper end region in the processing vessel has an ex- 

13 cesstvefy low steam concentration. Accordingly, the 
thickness of an oxide film formed on the surface of the 
wafer is greatly dependent on the position where the wa- 
fer Is held for the oxidation process and, In some cases, 
the intrafiim thickness uniformity of the oxide film is de- 

20 tertorated. 

[0008] Another oxidation system disclosed In, for ex- 
ample, JP-A No. Sho 57-1 232 arranges a plurality ol wa- 
fers In a horizontal batch-processing reaction tube, sup- 
plies Oj gas or supplies Oj gas and H2 gas slmuitane- 

29 ousty through one of the opposite ends of the reaction 
tube Into the reaction tube., and forms an oxide film in 
a vacuum atmosphere. 

[0009] However, since this prior art oxidation system 
forms a film In an atmosphere of a relatively high pros- 

30 sure by a hydrogen burning oxidation method, steam Is 
a principal element of reaction, an upper region with re- 
spect to the flowing direction of gases In the processing 
vessel and a lower region in the processing vessel differ 
excessively from each other in steam concentration and 

25 hence It Is possible that the intrafiim thickness uniformity 
of the oxide Aim is deteriorated. 
[0010] A third oxidation system disclosed In, for ex- 
ample, U.S. Pat. No. 6037273 supplies O2 gas and H2 
gas into the processing chamber of a wafer-fed process- 

40 ing vessel provided with a lamp heating device, makes 
the 0 2 gas and the H^ gas Interact In the vicinity of the 
surface of a semiconductor wafer placed In the process- 
ing chamber to produce steam, and forms an oxide film 
by oxidizing the surface of the wafer with the steam. 

43 [0011J However, this oxidation system supplies 
gas and Hj gas through gas Inlets spaced a short dis- 
tance in the range of 20 to 30 mm from the wafer into 
the processing chamber, makes the O a gas and the Hj 
gas interact in the vicinity of the surface of the semteon- 

so ductor wafer to produce steam , and forms the oxide film 
in an atmosphere of a relatively high process pressure. 
Thus, it Is possible that the Intrafiim thickness uniformity 
ol the fifim is deteriorated. 

53 DISCLOSURE OP THE INVENTION 

(0012] The present Invention has been made to solve 
the aforesaid problems effectively. Accordmgiy, it is an 
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object of the present Invention to provide an oxidation 
method and an oxidation system capable of Improving 
the Intrafllm thickness uniformity ot the oxide film and 
the Interflfrn thickness uniformity of oxide films and the 
characteristics of oxide films, maintaining oxidation rate * 
on a relatively high level. 

[0013] According to the present Invention, an oxida- 
tion method of oxidizing surfaces of workplaces heated 
at a predetermined temperature In a vacuum atmos- 
phere created within a processing vessel comprises the 
steps of: producing active hydroxyl species and active 
oxygen species; and oxidizing the surfaces of the work- 
pieces by the active hydroxyl and the active oxygen spe- 
cies. 

(0014] in the oxidation method according to the 
present Invention, an oxidative gas and a reductive gas 
are supplied Into the processing vessel by separate gas 
supply systems, respectively, In the step of producing 
active hydroxyl and active oxygen species. 
[0015] In the oxidation method according to the 
present Invention, the processing vessel has a prede- 
termined length, the workplaces are arrange at prede- 
termined pitches In a processing region in the process- 
ing vessel, an oxidative gas and a reductive gas am sup- 
plied Into the processing vessel so as to now from one 
end of opposite ends of the processing vessel toward 
the other end of the processing vessel In the step of pro- 
ducing active hydroxyl and active oxygen species. 
[0016] In the oxidation method according to the 
present Invention, parts of the processing vessel 
through which the oxidative gas and the reductive gas 
are supplied Into the processing vessel are positioned 
a predetermined distance apart from the processing re- 
gion ot the workplaces In the processing vessel. 
[0017] In the oxidation method according to the 
present Invention, the predetermined distance Is deter- 
mined such that the oxidative gas and the reductive gas 
do not affect adversely temperature distribution In the 
processing region of the workpteces and the oxidative 
gas and the reductive gas supplied Into the processing 
vessel can be satisfactorily mixed. 
[0018] The separation of the parts of the processing 
vessel through which the oxidative gas and the reduc- 
tive gas are supplied into the processing vessel from the 
processing region by the predetermined distance pre- 
vents the oxidative gas and the reductive gas from ad- 
versely affecting temperature distribution In the 
processing region In which the workpteces are proc- 
essed and enables the satisfactory mixing of the oxida- 
tive gas and the reductive gas. 
[0019] In the oxidation method according to the 
present Invention, the predetermined distance Is about 
100 mm or above. 

[0020] In the oxidation method according to the 
present invention, the oxidative gas contains one or 
some of Os, NjO. NO and NO* and the reductive gas 
contains one or some of NH3, CH4 and HCl. 
[0031] Both the IntraHtm thickness uniformity and the 



characteristics of the oxide film can be Improved, main- 
taining oxidation rate on a relatively high level. 
[0022] In the oxidation method according to the 
present Invention, the pressure In the vacuum atmos- 
phere Is below 133 Pa (1 Torr). 
[0023] In the oxidation method according to the 
present invention, the pressure in the vacuum atmos- 
phere Is In the range of 6.7 to 67 Pa (0.05 to 0.5 Torr). 
[0024] In the oxidation method according to the 
present Invention, the predetermined temperature is In 
the range of 400 to 1100 °C. 
[0025] In the oxidation method according to the 
present invention, an additional oxidative gas and an ad- 
ditional reductive gas are supplied additionally Into the 
processing vessel so as to flow tn an opposite direction 
of me main oxidation gas and the main reductive gas In 
the step of producing active hydroxyl and active oxygen 
species. 

[0026] An oxidation system according to the present 
Invention comprises: a processing vessel for containing 
workpleces; a support means for supporting workpteces 
In a processing region In the processing vessel; a heat- 
ing means for heating workpteces; an evacuation sys- 
tem for evacuating the processing vessel; an oxidative 
gas supply system for supplying an oxidative gas Into 
the processing vessel; and a reductive gas supply sys- 
tem separate from the oxidative gas supply system, for 
supplying a reductive gas Into the processing vessel to 
produce active hydroxyl and active oxygen species by 
the Interaction of the oxidative gas and the reductive 
gas; wherein surfaces of workpleces placed in the 
processing region are oxidized by the active hydroxyl 
and the active oxygen species. 
[0027] In the oxidation system according to the 
present invention, the oxidative gas supply system and 
the reductive gas supply system are connected to one 
end of the processing vessel to make the oxidative gas 
and the reductive gas flow toward the other end of the 
processing vessel. 

[0028] in the oxidation system according to the 
present Invention, the heating means heats both the ox- 
idative gas and the reductive gas. 
[0029] In the oxidation system according to the 
present Invention, the oxidative gas supply system has 
an oxidative gas supply nozzle, the reductive gas supply 
system has a reductive gas supply nozzle, the oxidative 
gas supply nozzle and the reductive gas supply nozzle 
have outlets positioned a predetermined distance apart 
from the processing region of the workpleces. 
[0030] In the oxidation system according to the 
present Invention, the predetermined distance Is deter- 
mined such that the oxidative gas and the reductive gas 
do not affect adversely temperature distribution In the 
processing region of the workpleces and the oxidative 
gas and the reductive gas can be satisfactorily mixed 
[0031] The separation of the outlets of the oxidative 
gas supply nozzle and the reductive gas s upply nozzle 
from the processing region by the predetermined cfis* 
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tan co prevents the oxidative gas and the reductive gas 
from adversely affecting temperature distribution In the 
processing region In which the workpteces are proc- 
essed and enables the satisfactory mixing of the oxida- 
tive gas and the reductive gas. 
[0032] tn the oxidation system according to the 
present invention, the predetermined distance is about 
100 mm or above. 

[0033] In the oxidation system according to the 
present Invention, the oxidative gas supply system has 
an oxidative gas supply nozzle, the reductive gas supply 
system has a reductive gas supply nozzle, and both the 
nozzles extend from one of the opposite ends of the 
processing vessel toward the other end of the process- 
ing vessel and have gas outlets positioned at the other 
end of the processing vessel 
[0034] In the oxidation system according to the 
present Invention, the oxidative gas contains one or 
some of Ofc. N^. NO and NO* and the reductive gas 
contains one or some of H 2 , Nhfe, CH4 and Ha. 
[0035] In the oxidation system according to the 
present Invention, the oxidative gas supply system has 
a supplementary oxidative gas supply nozzle, the reduc- 
tive gas supply system has a supplementary reductive 
gas supply nozzle, and the supplementary oxidative gas 
supply nozzle and the supplementary reductive gas 
supply nozzle have gas outlets disposed at one end of 
the processing vessel 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] 

Fig. 1 1s a schematic view of an example of an oxi- 
dation system that carries out a film forming method 
In a preferred embodiment according to the present 
invention; 

Fig. 2 Is a graph showing the failure ratio of SIO2 
Alms formed by an oxidation method according to 
the present Invention and a conventional oxidation 
method (dry oxidation method); 
Fig. 3 Is a graph showing the distribution of film 
thickness differences each between a maximum 
thickness and a minimum thicknesses of each of 
Si O2 films formed by an oxidation method according 
to the present Invention and those each between a 
maximum thickness and a minimum thickness of 
each of SI0 2 films formed by a conventional oxida- 
tion method (external combustion type atmospheric 
wet oxidation method); 

Fig. 4 Is a graph showing the variation of the thick- 
ness of oxide Alms with oxidation time; 
Fig. 5 Is a graph showing the dependence of the 
thickness and Intranfrn thickness uniformity of oxide 
films on process pressure; 
Fig. 6 is a graph showing thicknesses of oxide films 
In a pressure range Including pressures below the 
pressures shown In Fig. 5; 



6 

Fig. 7 b a schematic view of a oxidation system of 
single-tube structure; 

Fig. 8 is a schematic view of another oxidation sys- 
tem of single- tube structure; and 
s Rg. 9 Is a schematic view of a third oxidation system 
of sJngte-tube structure. 

BEST MODE FOR CARRYING OUT THE INVENTION 

10 [0037] An oxidation method and an oxidation system 
in preferred embodiments according to the present in- 
vention will be described hereinafter with reference to 
the accompanying drawings. 
{0038] Fig. 1 shows an example of an oxidation sys- 
tern 2 that carries out a !Dm forming method tn a pre- 
ferred embodiment according to the present Invention. 
In the following description, It is assumed that an oxida- 
tive gas Is oxygen gas (Og) and a reductive gas Is hy- 
drogen gas (H 2 ). 

20 [0039] The oxidation system 2 has a double-wail ver- 
tical processing vessel B of a predetermined length In- 
cluding an inner tube 4 and an outer tube 6. Both the 
Inner tube 4 and the outer tube 6 are made of quartz. A 
quartz wafer boat 1 0, I.e., a support means for holding 

» workplaces, is placed in a processing space Sin the In- 
ner tube 4. A plurality of semiconductor wafers W are 
held In layers at predetermined pitches on the wafer 
boat 1 0. The pitches are equal for some cases and are 
different for other cases. 

so [0040] A cap 12 covers the open tower end of the 
processing vessel 8. and a shaft 1 6 is extended through 
the cap 12. The gap between the cap 12 and the shaft 
16 Is sealed by a magnetic fluid seal 14, and a rotary 
table 16 is attached to the upper end of the shaft 16. A 

& neat Insulating tube 20 Is placed on the rotary table 18 
and the wafer boat 1 0 Is mounted on the heat insulating 
tube 20. The shaft 1 6 is supported on an arm 24 included 
tn a vertically movable boat elevator 22. The shaft 16 
can be moved vertically together with the cap 12 and 

40 the wafer boat 10. The water boat 10can be Inserted In 
and taken out of the processing vessel 8 through the 
lower end of the processln g vessel 8. The wafer boat 1 0 
does not need necessarily to be rotated and may be held 
stationary. 

<J [0041 ] A manifold 26 made of , for example, a stain- 
less steel Is joined to the open lower end of the process- 
ing vessel 8. An oxidative gas supply system 28 for sup- 
plying an oxidative gas at a controlled flow rate and a 
reductive gas supply system 30 for supplying a reduo 

50 tlve gas at a controlled flow rate are connected individ- 
ually to the manifold 26. 

[0042] The oxidative gas supply system 28 Includes 
an oxidative gas supply nozzle 32 penetrating the man- 
ifold, and a gas supply One 36 connected to the oxidative 
95 gas supply nozzle 32 and provided with a flow controller 
34. such as a mass Row controller. An oxidative gas 
source 30 storing an oxidative gas, such as oxygen gas 
tn this embodiment, ts connected to the gas supply Arte 
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36. 

[0043] me reductive gas suppty system 30 Includes 
a reductive gas supply nozzle 40 penetrating the mani- 
fold 26, and a gas supply fine 44 connected to the re- 
ductive gas supply nozzle 40 and provided with a flow $ 
controller 42, such as a mass flow controller. A reductive 
gas source 46 storing a reductive gas. such as hydrogen 
gas In this embodiment, Is connected to the gas supply 
line 44. 

[0044] The gas supply nozzles 32 and 40 have gas 
outlets 32a and 40a, respectively. The gas outlets 32a 
and 40a are formed In the manifold 26 disposed at one 
end of the processing vessel 8. 
[0045] The gases supplied through the gas outlets 
32a and 40a of the gas supply nozzles 32 and 40 ftow 
from one end to the other end of the processing vessel 
8. That Is, the gases flow upward In the processing 
space S, I. e,, a wafer processing region. In the Inner tube 
4, start flowing down from a top of the processing vessel 
8, 1 tow down through an space between the Inner tube 
4 and the outer tube 6 and flow out of the processing 
vessel 8. An exhaust port 50 Is formed In a tower part of 
the side wail of the outer tube 6. An evacuating system 
56 Including an exhaust line 52 and a vacuum pump 54 
connected to the exhaust line 52 is connected to the ex- 
haust port 50 to evacuate the processing vessel 8. The 
processing space S, I.e., a wafer processing region, Is 
positioned a predetermined distance H1 apart from the 
position of a gas supply position. More concretely, the 
lower end of the processing apace S corresponding to 
the lower end of the wafer boat 10 is positioned a pre- 
determined distance H1 apart from the positions of the 
respective gas outlets 32a and 40a of the nozzles 32 
and 40. A first purpose of the distance HI Is to preheat 
the gases by heat radiated by the hot wad of th e process- 
ing vessel 8 heated by a heater 62 while the gases flow 
upward through the distance H1. Generally, the 
processing space 8 extending along the wafer boat 1 0 
Is maintained accurately at a fixed temperature. If gases 
of, for example, a room temperature Is supplied to a re- 
gion In the vldntty of a lower end part of the wafer boat 
10. the temperature of the same region wfll drop, ad- 
versely affecting temperature distribution In the 
processing space. A second purpose of the distance H1 
Is to enable the gases to mix uniformly while the gases 
flow upward through the distance HI . 
[0046] The distance H1 Is determined such that the 
oxidative gas and the reductive gas supplied Into the 
processing space S do not affect adversely to temper- 
ature distribution in the processing space S, and mix uni- 
formly. The distance H1 Is, for example 100 mm or 
above, preferably, 300 mm or above. In this embodi- 
ment, the distance H 1 1s about 350 mm. A heat insulat- 
ing member 60 Is disposed so as to surround the 
processing vessel 8, and the heater 62, i.e., a heating 
means, is attached to the inner circumference of the 
heat Insulating member 60 to heat wafers W placed In 
the processing space S at a predetermined tempera- 



ture. 

[0047] When, for example, about 150 wafers W of 8 
In . diameter (about 1 30 wafers and about 20 dummy wa- 
fers) supported on the wafer boat 10 are processed In 
a batch, the inner tube 4 of the processing vesssl 8 Is 
about 260 to about 270 mm In diameter, the outer tube 
6 is about 275 to about 285 mm In diameter and the 
processing vessel 8 Is about 1 280 mm In height 
[0048] When about 25 to 50 wafers W of 12 In. diam- 
eter supported on the wafer boat 1 0 are processed in a 
batch the inner tube 4 Is about 380 to about 420 mm, 
the outer tube 6 ts about 440 to about 600 mm in diam- 
eter and the processing vessel is about 800 mm in 
height. The height of the wafer boat 10 Is equal to the 
height H2 of the processing space S2 in which the wa- 
fers are placed for processing. The height HZ b depend- 
ent on the number of wafers to be processed m a batch 
and Is, for example, In the range of about 200 to about 
1000 mm. Those numerical values are given only by 
way of example. 

[0049] Shown m Fig. 1 are a sealing member 64, such 
as an O ring, for sealing the gap between the cap 12 
and the manifold 26, a sealing member 66, such as an 
O ring, for sealing the gap between the manifold 28 and 
the lower end of the outer tube 6. 
[0050] An oxidizing method according to the present 
Invention to be carried out by the aforesaid oxidation 
system will be described. 

[0051] A plurality of semiconductor wafers Ware sup- 
ported In layers at predetermined pitches on the wafer 
boat 1 0. The boat elevator 22 is moved upward to insert 
the wafer boat 10 through the lower end of the process- 
ing vessel 6 in me processing vessel 8 end the process- 
hg vessel 8 ts sealed hermetically. The processing ves- 
sel 8 Is heated beforehand. Rims to be oxidized, euch 
as single crystal films, poiysilteon films or metal oxide 
films, have already formed on surfaces of the semicon- 
ductor wafers W, respectively, by the preceding proc- 
ess. In some cases, surfaces of single-crystal wafers 
are oxidized. 

[0052} After the wafers W have been loaded Into the 
processing vessel 8, power supplied to the heater 62 Is 
increased to heat the wafers W at a predetermined 
processing temperature and the processing vessel 8 is 
evacuated by the evacuating system 56. 
(0033] At the same time, the oxidative gas supply sys- 
tem 28 supplies oxygen gas at a controlled flow rate 
through the gas outlet 32a of the oxidative gas supply 
nozzle 32 and the reductive gas supply system 30 sup- 
plies hydrogen gas at a controlled now rate through the 
gas outlet 40a of the reductive gas supply nozzle 40 Into 
the processing vessel 8. 

[0054] The oxygen gas and the hydrogen gas sepa- 
rately supplied Into the processing vessel 8 flow upward 
in the processing vessel 8, white producing active hy- 
droxy! species and active oxygen species to oxidize sur- 
faces of the wafers W. When oxidizing single-crystal sil- 
icon films or potysntcon fOms, the temperature of the wa- 
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fers W is In the range of 400 to 1 l 00 *C, preferably, In 
the range of 400 to 900 °C taking Into consideration the 
heat resistance of the wafers Is taken into consideration, 
the pressure In the processing vessel 6 Is 1 33 Pa (1 Torr) 
or below, preferably. In the range of 6.7 Pa (0.05 Torr) 
to 67 Pa (0.5 Torr) taking Into consideration concentra- 
tion distribution. Oxygen gas flow rats Is In the range of 
1 seem to 10slm and oxygen gas flow rate is in the range 
of 1 seem to 5 slm. 

[0055] Thus, oxidation rate is maintained on a rela- 
tively high level and the Intrafllm thickness uniformity 
and the quality of an oxide film on each wafer W can be 
improved greatly. Uniformity of plurality of wafers W in 
fQm quality can be also Improved. 
[0056] When oxygen gas and hydrogen gas are sup- 
piled separately Into a vacuum atmosphere of the 
processing vessel 8, It Is considered that the hydrogen 
gas undergoes the following combustion reactions, In 
which chemlcaf symbols with asterisk f) indicates an 
active specie of a substance Indicated by the chemical 
symbol. 

H 2 + 0 2 -> H* +H0 2 



O a ♦ H* -> OH* ♦ O* 



H 2 + O* -» H* +OH* 



H 2 +0H*-»H # + H2O 

(0057] When hydrogen gas (Hj) end oxygen gas (OJ 
are supplied separately into the processing vessel 8, ac- 
tive oxygen species (O*), active hydroxy! species (OH*) 
and steam (HjO) are produced by the burning of hydro- 
gen gas. It is inferred that O* and OH* contributes great- 
ly to the improvement of he fUm quality and the Intrafllm 
thickness uniformity of the oxide film. That is, since the 
oxidation process is carried out in a vacuum atmosphere 
of a pressure which is far below a process pressure of 
the conventional oxidation method, the aforesaid reac- 
tions represented by the chemical formulas proceeds 
gradually while oxygen gas and hydrogen gas flows up- 
ward In the processing vessel 8, proper amounts of HaO, 
O* (active oxygen species) and OH* (active hydroxyl 
species) are supplied to all the wafers W regardless of 
the height of the wafers W. Consequently, alt the wafers 
W are subjected uniformly to the oxidation process re- 
gardless of the height th ere of an d the film thickness uni- 
formity of the oxide films formed on the wafers W can 
be improved. It Is considered that active oxygen species 
and active hydroxyl species contribute greatly to the ox- 
idation of the waters W and the life of the active oxygen 
species and active hydroxyl species is extended by car- 
rying out the oxidation method in the vacuum atmos- 



phere of a process pressure considerably lower than 
that at which the conventional oxidation method is car* 
rted out. Therefore, the active species do not become 
very extinct and active species concentration In the 

9 processing space 5 is maintained in a substantially uni- 
form manner while the active species flow upward 
through the processing space S of the height H2 con- 
tributing to the oxidation reaction. Consequently, the 
thickness uniformity of films respectively formed on the 

to wafers W placed at different heights can be improved. 
[0058] Moreover, since the Iffe of the oxygen and hy- 
drogen species Is extended, active species concentra- 
tion distrtoution over the surface of each wafer W. from 
the periphery edge to the center thereof, is uniform and 

19 hence the Intrafllm thickness uniformity and the charac- 
teristics of the oxide ftim can be improved greatly 
[0059] Since oxygen gas and hydrogen gas are sup- 
plied Into the position which Is located distance H1 apart 
from the lower end of the processing space S instead of 

20 supplying the same directly Into the processing space 
5, the gases mix satisfactorily and are preheated by the 
heat radiated by the hot wall of the processing vessel 8 
heated by the heater 62 while the same flow through the 
distance H1 .which promotes the activation ot the gases. 

25 [0060] Silicon films were oxidized by the oxidation 
method of the present Invention and a conventional dry 
oxidation method to form silicon dioxide films (S0 2 
films) and the characteristics of the silicon dioxide films 
were examined The results of the examination will be 

30 explained. 

[0061] Fig. 2 shows the failure ratio of SJ0 2 ferns 
formed by the oxidation method of the present Invention 
and the conventional dry oxidation method. Time that 
was necessary to cause 90% of the SI0 2 films to break 

ss clown by forcibly passing a current of 0.05 A/cm 2 through 
each SlOj films was measured. 
[0082] As is obvious from Fig. 2, whereas 90% of the 
SlOa films formed by the conventional wet oxidation 
method broke down In about 6 s, time necessary to 

40 cause 90% of the SOj IBms formed by the oxidation 
method of the present Invention broke down was as long 
as about 50 s, which proved the excellent cfleiectnc 
strength and reliability and satisfactory quality of the 
SiOs films formed by the oxidation method of the present 

45 invention. A total amounts of charge that was necessary 
to cause 90% of the SIO a Alms formed by the conven- 
tional wet oxidation method and the SI0 2 films formed 
by the oxidation method of the present Invention broke 
down were 0.25 C/cm 2 and 2.35 C/cm 2 respectively. 

so [0063] Silicon films were oxidized by the oxidation 
method of the present Invention and a conventional ex- 
ternal combustion type atmospheric wet oxidation meth- 
od to form silicon dioxide flfrns (Sl0 2 films) and the In- 
trafllm thickness uniformity of the SIOj films were exarh- 

59 ined. The results of the examination wiH be explained. 
(0064) Fig. 3 is a graph showing the distrtoution of mm 
thickness differences, each between a maximum thick- 
ness and a minimum thickness of each of SfOj tarns 



4* 



11 EP11S2 461 A2 12 



formed by the oxidation method of the present invention, 
and those, each between a maximum thickness and a 
minimum thickness of each of SKX, films formed by the 
conventional external combustion type atmospheric wet 
oxidation method. Process conditions for the oxidation 
method of the present Invention were 650 °C In process 
temperature, 26,6 Pa (0.2 Ton) in process pressure. 0.1 
8tm In 0 2 gas flow rate and 0.2 stm In H 2 gas flow rate. 
Process conditions for the conventional oxidation meth- 
od were 850 *C In process temperature, 95760 Pa (720 
Torr) In process pressure, 0.6 stm in Os gas flow rate, 
0.6 slm In Ha gas flow rate and 20 elm In N 2 gas now 
rate. The surfaces of wafers were oxidized to form oxide 
films respectively having thicknesses In the range of 1 
to 4 nm. 

[0085] As is obvious from the graph shown In Fig. 3, 
whereas the thickness difference of the oxide fttms on 
each wafer formed by the conventional oxidation meth- 
od is distributed in a wide range regardless of the thick- 
ness of the oxide film, the thickness difference of the 
oxide film on each wafer formed by the oxidation method 
of the present Invention is distributed tn a narrow range. 
Thus the tntrafflm thickness differences of the oxidation 
fSms formed by the oxidation method of the present In- 
vention are considerably small. Tfte mean thickness dif- 
ference of the oxide films formed by the conventional 
oxidation method was 0.068 nm and that of the oxide 
films formed by the oxidation method of the present in- 
vention was 0.047 nm, which proved that the oxidation 
method of the present Invention Improves the intrafltm 
thickness uniformity greatly. 

[0066] Oxidation rate of the oxidation method of the 
present Invention and that of a conventional oxidation 
method that supplies steam directly Into the processing 
vessel were examined. 

[0087] Rg. 4 is a graph showing the relation between 
oxidation time and the thickness of oxide films. Process 
conditions were 850 °C in process temperature. 93 Pa 
(0.7 Torr) is process pressure, 100 seem in H 2 gas flow 
rate and 600 seem In Oj gas flow rate. 
[0068] As Is obvious from The graph shown In Fig. 4, 
the thickness of an oxide film formed by the oxidation 
method of the present invention is ten times or above 
that of an oxide film formed by the conventional oxida- 
tion method in the same time; that is, the oxidation rate 
of the oxidation method of the present Invention Is ten 
times or above that of the conventional oxidation meth- 
od, and hence the oxidation method of the present In- 
vention increases the throughput of the oxidation proc- 
ess accordingly. 

[0069] The dependence of the thickness of oxide films 
on process pressure was examined. The result of the 
examination will be explained. 
[0070] Fig. 5 Is a graph showing the dependence of 
the thickness and intrafilm thickness uniformity of oxide 
f 1ms formed on the wafer which is located at the same 
position in the same batch, on process pressure. Fig. 6 
Is a graph showing the dependence of the thickness of 



oxide films, on process pressure in a pressure range in- 
cluding pressures below the pressures shown In Fig. 5. 
In Fig. 5, values indicating interfltm thickness uniformity 
of different wafers W are written along with curves tncO- 
9 eating the thicknesses of oxide films. In the graphs 
shown In Figs. 5 and 6, TOP. CTR and STM Indicate 
wafers placed at upper, middle and lower positions, re- 
spectively, on the wafer boat 1 0. Process conditions for 
forming the oxide films shown in Figs. 5 and 6(A) are 
900 X In process temperature, 600 seem In H 2 gas flow 
rate, 1200 seem in 0 2 gas flow rate and 60 mln in 
processing time. Process conditions for forming the ox- 
ide films shown in Fig. 6(B) are B50 °C in process tem- 
perature, 50 seem In Hq gas flow rate, 100 seem In Oj 
gas flow rate and 3 mln In processing time. 
[0071] As is obvious from Rg. 6, the lower the process 
pressure is, the better both the Intrafilm thickness uni- 
formity and the tnterfllm thickness uniformity. It was 
found that the process pressure must be below 1 33 Pa 
(1 Torr) to reduce the Intrafilm thickness unlfomilty to an 
appropriate value, such as about ±0.8%, that Is expect- 
ed to be achieved by the future oxidation processes. 
[0072] Fig. 6(A) is a graph showing, for confirming the 
reproducibility of the oxidation method, the dependence 
of the thickness of oxide films formed under the same 
process conditions as those mentioned In the foregoing 
description made In connection with Fig. 5, on process 
pressure, except that process conditions for forming the 
oxide films shown In Fig. 6(A) Include a process pres- 
sure of 67 Pa (0.5 Torr). It is known from the comparative 
examination of the graphs shown In Figs. 5 and 6(A) that 
modes of variation of the thickness of the oxide film with 
process pressure in Figs. 5 and 6(A) are substantially 
the same except for a process condition of a process 
pressure of 67 Pa, which proves excellent reproducibil- 
ity of the oxidation method. Figs. 5 and 6(A) show the 
variation of the thickness on the order of 12 nm of the 
oxide films with process pressure. Rg. 6(B) Is a graph 
showing the variation of the thickness of oxide Alms with 
process pressure In a process pressure range not high- 
er than 67 Pa (0.6 Torr). 

[0073] Process conditions shown In Fig. 6(B) are for 
forming oxide films of a desired thickness of 2 nm, which 
is 1/8 of a desired thickness of 1 2 nm for the oxide films 
formed under the process conditions shown In Figs. 5 
and 6(A). As Is obvious from Fig. 6(B), the thicknesses 
of the oxide films are on the order of 2 nm for the process 
pressure range of 6.7 Pa (0.05 Torr) to 67 Pa (0.5 Torr) 
and the thicknesses of the oxide films formed on TOP. 
CTR and HTM are scarcely different from each other, 
[0074] It Is known from Fig. 6(B) that the oxide fHms 
can be formed In satisfactory thickness uniformity even 
If the oxide films are as thin as 2 nm. It is also known 
from Rg. 6(B) that the thickness uniformity can be main- 
tained on a high level In the process pressure range of 
6.7 Pa (0.05 Torr) to 67 Pa (0.5 Torr). 
{0075] It Is considered that Intrafilm thickness uni- 
formity and Interfltm thickness unlfomilty can be> fct> 
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proved when the process pressure Is In the low process 
pressure range because the life of active oxygen spe- 
cies and active hydrogen species produced In the 
processing vessel 8 ts extended sufficiently when the 
process pressure Is very low. Thus, when active oxygen 
species and active hydrogen species flow through the 
processing space S, active species concentration dis- 
tributions can be untform throughout the processing 
spaces. 

[0076] Oxidation rate can be properly changed and 
controlled by changing the flow rate ratio between 
gas and 0 2 gas or by property mbdng an Inert gas, such 
as nitrogen gas, argon gas or helium gas. into H 2 gas 
and O2 gas. 

(0077J Although the present Invention has been de- 
scribed as applied to the oxidation system provided wtth 
the processing vessel 8 of double-wan construction, the 
present Invention Is applicable aisotoa processing sys- 
tem provided with a processing vessel of single-wall 
construction. Inthe processing system provided with the 
processing vessel of single-wall construction, gases 
may be suppBed Into the processi rtg vessel so as to flow 
from the upper end of the processing vessel toward the 
lower end of me processing vessel as shown in Rg. 7. 
An oxidation system provided with a processing vessel 
of a single-wail construction will be described by way of 
example with reference to Fig. 7, In which parts like or 
corresponding to those shown En Rg. 1 are denoted by 
the same reference characters and the description 
thereof wfll be omitted. 

10078J The oxidation system shown In Rg. 7 is pro- 
vided with a processing vessel 8 of single-wail construe- 
to n provided only with an outer tube 6 and not provided 
with any member corresponding to the Inner tube 4 
ehown In Rg. 1 . An exhaust port 60 is formed In a man- 
ifold 26. An oxidative gas supply system 28 has an ox- 
idative gas supply nozzle 32 attached to a top part of 
the processing vessel 8 and a reductive gas supply sys- 
tem 30 has a reductive gas supply nozzle 40 attached 
to the top part of the processing vessel 8. Oj gas and 
H 2 gas are supplied through the respective gas outlets 
32a and 40a of the nozzles 32 and 40, respectively, Into 
the processing vessel 8, and flow down through the 
processing vessel 8. The gas is burnt to oxidize wa- 
fers W and the gases are discharged through the ex- 
haust port SO by suction. 

[0079] An oxidation system as shown In Fig. 8 may 
be used. The oxidation system shown In Fig. 8 Is pro- 
vided with e processing vessel 8 of single-wall construc- 
tion. An exhaust port 70 Is formed in a top part of the 
processing vessel 8. An oxidative gas and a reductive 
gas may be supplied Into the processing vessel 8 
through the gas outlets 32a and 40a of nozzles 32 and 
40 attached to a lower part of the processing vessel 8. 
respectively. 

[0080] An oxidation system as shown in Rg. 9 may 
be used. The oxidation system shown In Rg. 9 is pro- 
vided with a processing vessel 8 of a single-wail con- 



struction. A manifold 26 is Joined to the lower end of the 
processing vessel 8. Nozzles 32 and 40 extend through 
the manifold 26 and along the Inner surface of the 
processing vessel 8 to the upper end of the processing 

s vessel 8 so that the gas outlets 32a and 40a thereof are 
positioned In a top part of the processing vessel. 8. 0 2 
gas and hfe gas are supplied through the gas outlets 32a 
and 40a Into the processing vessel 8. The gases are 
activated as the same flow down through the processing 

to vessel 8 and are discharged through an exhaust port 60 
formed in a tower part of the processing vessel 8. 
[0081] in this embodiment, the gases are preheated 
sufficiently by heat radiated by a heater 62 and heat ra- 
diated by the wait of the processing vessel 8 heated by 

« the heater 62 while the same flow through the nozzles 
32 and 43 extended along the side wall of the processing 
vessel 8. Thus active species of those gases can be 
more efficiently produced 

[0082] The oxidation system shown in Fig. 9 may be 

20 provided wtth an additional oxidative gas supply nozzle 
32b and an additional reductive gas supply nozzle 40b 
connected to the manifold 26 so that the gas outlets 32c 
and 40c thereof opens Into a lower end region of a 
processing space In the processing vessel 8. An addl- 

29 tional oxidative gas and an additional reductive gas can 
be additionally supplied Into the processing vessel 8 
through the additional oxidative gas supply nozzle 32b 
and the additional reductive gas supply nozzle 40b. 
[0083] The additional oxidative gas and the additional 

so reductive gas from the gas outlet 32c and 40c rtow In an 
opposite direction of the main oxidative gas and the 
main reductive gas from the gas outlets 32a and 40a 
(0084] Although the aforesaid embodiment uses 03 
gas as an oxidative gas and uses H 2 gas as a reductive 

ss gas, the oxidative gas may be one or some of I^O, 
NO and N0 2 , and the reductive gas may be one or some 
of H^, NH 3 , CH 4 and HCI. 

[0085] Principally, active oxygen species and active 
hydroxy! species produced by the burning of the reduc- 

40 ttve gas contribute to an oxidation reaction that occurs 
on the surfaces of the wafers. When gases other than 
0 2 gas and H 2 gas are used, process conoftlons Includ- 
ing the temperature of the wafers and process pressure 
may be similar to those when oxygen gas and hydrogen 

«*. gas are used. 

{0088] The oxidation method according to the present 
Invention Is applicable not only to the foregoing batch- 
processing oxidation system capable of oxidizing a plu- 
rality of wafers in a batch, but also to a single-wafer 

50 processing oxidation system that supports a semicon- 
ductor wafer on a stage (support means) placed in a 
processing vessel and processes the single wafer for 
oxidation by heating the semiconductor wafer by a heat- 
ing means, such as lamps of a heater. 

33 [0087] The workplaces are not limited to semiconduc- 
tor wafers and may be substrates tor LCDs and glass 
substrates. 

(0088] As apparent from the foregoing description. 
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the oxidation method and the oxidation system accord- 
ing to the present Invention exercise the following ex- 
cellent effects. 

[0069] Intra! Dm uniformity, Interfflm uniformity and film 
quality of oxide films can be Improved maintaining oxi- 
dation rate on a relatively high level. 



Claims 

1. An oxidation method of oxidizing surfaces of work- 
pieces heated at a predetermined temperature In a 
vacuum atmosphere within a processing vessel, 
said oxidation method comprising the steps of: 

producing active hydroxy! and active oxygen 
species; and 

oxidizing the surfaces of the workplaces by the 
active hydroxy I and the active oxygen species. 

2. The oxidation method according to claim 1 , wherein 

an oxidative gas and a reductive gas are sup- 
plied Into the processing vessel by separate gas 
supply systems, respectively, In the step of produc- 
ing active hydroxy! and active oxygen spedes. 

3. The oxidation method according to daim 1 or 2, 
wherein 

the processing vessel has a predetermined 
length, the workplaces are arrange at predeter- 
mined pitches in a processing region in the 
processing vessel, 

an oxidative gas and a reductive gas are sup- 
piled Into the processing vessel so as to flow 
from one of opposite ends of the processing 
vessel toward the other of opposite ends In the 
step of producing active hydroxy! and active ox- 
ygen species. 

4. The oxidation method according to claim 3, wherein 

parts of the processing vessel through which 
the oxidative gas and the reductive gas are supplied 
into the processing vessel are positioned a prede- 
termined distance apart from the processing region 
of the werkpieces In the processing vessel. 

5. The oxidation method according to daim 4, wherein 

the predetermined distance is determined 
such that the oxidative gas and the reductive gas 
do not affect adversely temperature distribution In 
the processing region of the workplaces and the ox- 
idative gas and the reductive gas supplied into the 
processing vessel can be satisfactorily mixed. 

6. The oxidation method according to claim 4 or 5. 
wherein 

the predetermined distance Is about 100 mm 



f5 



or above. 

7. The oxidation method according to one of the pro- 
ceding clafrns, wherein the oxidative gas contains 
one or some of N 2 0, NO and N02, and the re- 
ductive gas contains one or some of H 2 , NH 3 . CH 4 
andHCl. 

B. The oxidation method according to one of the pro- 
ceding daims, wherein the pressure of the vacuum 
atmosphere Is below 133 Pa (1 Torr). 

9. The oxidation method accorcfing to daim 8, wherein 

the pressure of the vacuum atmosphere is in 
the range of 6.7 to 87 Pa (0.05 to 05 Torr% 

10. The oxidation method according to one of the pre- 
ceding claims, wherein the predetermined temper- 
ature is in the range ol 400 to 1100 *C. 

1 1 . The oxidation method according to daim 3, wherein 

an addfttonal oxidative gas and an additional 
reductive gas are supplied additionally Into the 
processing vessel so as Co now from In an opposite 
direction of the oxidative gas and the reductive gas 
flowing from one end toward the other end in the 
step of producing active hydroxy! and active oxygen 



30 12. An oxidation system comprising: 

a processing vessel for containing workplaces; 
a support means for supporting workplaces in 
a processing region in the processing vessel; 
53 a heating means for heating workplaces; 

an evacuation system for evacuating the 
processing vessel; 

an oxidative gas supply system for supplying 
an oxidative gas into the processing vessel; 

40 and 

a reductive gas supply system separate from 
the oxidative gas supply system, for supplying 
a reductive gas into the processing vessel to 
produce active hydroxy! and active oxygen spe- 

49 des by the interaction of the oxidative gas and 

the reductive gas; 

wherein surfaces of workplaces placed In the 
processing region are oxidized by the active hy- 
droxy! and the active oxygen species. 



50 
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13. The oxidation system according to claim 1 2, where- 
in 

the oxidative gas supply system and the re- 
ductive gas supply system are connected to one 
end of the processing vessel to make the oxidative 
gas and the reductive gas flow toward the other end 
of the processing vessel. 
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14. The oxidation system according to claim 12 or 13, 
wherein 

the heating means heats both the oxidative 
gas and the reductive gas. 

9 

15. The oxidation system according to claim 13 or 14, 
wherein 

the oxidative gas supply system has an oxi- 
dative gas supply nozzle, the reductive gas supply 
system has a reductive gas supply nozzle, the oxt- *<> 
dative gas supply nozzle and the reductive gas sup- 
ply nozzle have outlets positioned a predetermined 
distance apart from me processing region of the 
workplaces In the processing vessel. 

13 

16. The oxidation system according to claim 15, where- 
in 

the predetermined distance Is determined 
such that the oxidative gas and the reductive gas 
do not affect adversely temperature distribution In 
the processing region of the workp teces and the ox- 
idative gas and the reductive gas can be satisfac- 
torily mixed. 

17. Tne oxidation system according claim 15 or 16. » 
wherein 

the predetermined distance Is about 100 mm 
or above. 

18. The oxWation system according to one of claims 12 30 
to 17, wherein 

the oxidative gas supply system has an oxi- 
dative gas supply nozzle, the reductive gas supply 
system has a reductive gas supply nozzle, both the 
nozzles extend from one end of the processing ves- ss 
sei toward the other end of the processing vessel 
and have gas outlets positioned at the other end of 
the processing vessel 

19. The oxidation system according to one of claims 12 40 
to 16, wherein 

the oxidative gas contains one or some of 0 2 , 
NjO, NO and NO^ and the reductive gas contains 
one or some of NHg. CM 4 and HCI. 

43 

20. The oxidation system according to claim 18, where- 
in 

the oxidative gas supply system has a supple- 
mentary oxidative gas supply nozzle, the reductive 
gas supply system has a supplementary reductive » 
gas supply nozzle, and the supplementary oxidative 
gas supply nozzle and the supplementary reductive 
gas supply nozzle have gas outlets disposed at one 
end of the processing vessel. 
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